Introduction
Organic arsenicals have been used as feed additives for therapeutic purposes and growth promotion in poultry and swine since the mid 1940s. Currently, four compounds-arsanilic acid, 3-nitro-4-hydroxyphenylarsonic acid (3-nitro), 4-nitrophenylarsonic acid and 4-ureido-1-phenylarsonic acid-are approved for use in chicken, turkey and swine feeds. Arsanilic acid and 3-nitro are the most widely used.
Research by Moody and Williams (1964a,b,c) , Frost (1953) , Hanson et al. (1955) and Overby and Fredrickson (1963) has indicated that a high percentage (80 to 90%) of these compounds is rapidly excreted by poultry and swine with little or no change in chemical structure. Because of this high excretion rate and rapid depletion of tissue arsenic, almost all ingested arsenic eventually appears in feces and urine.
Considerable interest has been expressed in the fate of arsenic from organic arsenicals when poultry excreta is used as a feedstuff for ruminants. As expected, arsenic has been found in poultry excreta used as livestock feed. EI-Sabban et al. (1969) , Brugman et al. (1968) , Messer et al. (1971) , Webb and Fontenot (1975) and Smith and Calvert (1976) found arsenic at levels ranging from .2 to 76.3 ppm in excreta from broiler chickens fed compounds containing arsenic 9 In these experiments, the amounts of arsenic found in various tissues were relatively low, and the effects of feeding higher levels as well as the time required to 414 JOURNAL OF ANIMAL SCIENCE, Vol. 51, No. 2, 1981 deplete tissues of accumulated arsenic were not determined.
Hence, we conducted a series of experiments with sheep and lactating cows to determine: (1) the effects of feeding high levels of two arseniccontaining compounds on the uptake of arsenic in tissues and milk, and (2) the length of time required to deplete arsenic from tissues and milk after removal of arsenicals from the feed.
Experimental Procedures
Sheep Experiment. Eight groups of mature wethers (four animals per group, average weight 46.5 kg) were fed ground, pelleted orchardgrass hay containing various amounts of arsenic from either arsanilic acid or 3-nitro. Treatment numbers, arsenic sources and levels of arsenic added to the feed are presented in the first two columns of tables 1 and 3. Sheep were kept in metabolism crates and individually fed the experimental diets for 28 days. The pelleted diets were fed ad libitum, and no significant differences in feed intake were observed between treatment groups during the experimental period.
After 28 days, all sheep were fed pelleted orchardgrass hay without added arsenic. On the 28th day and at 2-day intervals thereafter, one sheep from each treatment group was slaughtered, and blood, liver, kidney and muscle (longissimus) samples were collected for arsenic analysis. All tissues were dried with a Virtis REPP 1003 lyophilizer, and total arsenic was determined on freeze-dried tissue and feed samples by two methods. The first control and treatments 1 through 3 were analyzed by a colorimetric procedure described by Morrison and George (1969) , and the second control and treatments 4 through 6 were analyzed by the more rapid and sensitive atomic absorption spectrophotometic method described by Fernandez (1973) . Sixteen liver samples from the first control and treatments 1 through 3 were analyzed by both procedures. No significant differences in arsenic content due to analytical method were observed.
The lowest level of arsenic to be used was chosen to represent a level of arsenic consumed 3 Mention of a trade name, proprietary product or specific equipment does not constitute a guarantee or warranty by the USDA and does imply its approval to the exclusion of other products that may be suitable.
by sheep fed 25 to 50% poultry excreta (on a dry matter basis) containing 60 to 65 ppm of arsenic. The level that was to be added in treatments 1 and 4 was 25 /ag of arsenic/g of dry matter, and the levels in treatments 2, 3, 5 and 6 were to be five and 10 times the level in diets 1 and 4. As the second columns of tables 1 and 3 indicate, the determined levels were different from calculated levels.
Dairy Cow Experiments. In Exp. 1, four groups of two lactating Holstein cows were fed either 1.6 or 3.2 mg of arsenic/kg of body weight from arsanilic acid or 3-nitro. The lower level of arsenic was chosen to represent the arsenic intake of a typical dairy cow receiving one-third to one-half of her dry matter intake from poultry excreta containing 100 ppm of arsenic. These arsenicals were administered orally by capsule for 5 days. Milk samples were collected at the beginning of the study, after capsules had been fed for 5 days and 7 days after the last arsenic feeding. Cows were fed a grain concentrate, corn silage and hay diet throughout the trial.
In Exp. 2, 10 lactating H,,lstein cows were fed 4.8 mg of arsenic/kg of body weight from 3-nitro for 28 days. The arsenical was administered daily by capsule, and milk samples were collected at the beginning of the trial, at 7-day intervals during the trial and 5 days after the last arsenic feeding. The cows were fed the same diet that was used in Exp. 1.
All milk samples were freeze-dried, and the dry sample was analyzed for arsenic by the method of Morrison and George (1969) , in Exp. 1, and by the method of Fernandez (1973) , in Exp. 2.
Statistical Procedures. Tissue arsenic levels
for the depletion period in the sheep experiments for all levels fed were converted to natural logarithms, and regression analysis was conducted on the transformed data. Slopes were compared by testing for parallelism; a lack of parallelism indicated significant differences between slopes. Individual differences between arsenic levels at the beginning of the depletion period were determined on the transformed data by Duncan's multiple range test (Steel and Torrie, 1960) .
In the first dairy cow experiment, data were analyzed by analysis of variance; individual treatment differences in arsenic were determined by Duncan's multiple range test. In Exp. 2, a regression analysis was performed on the data for two 14-day feeding periods and the 5-day withdrawal period. Differences between the slopes of the three regression equations were determined by testing for parallelism, and individual differences between arsenic values at 0, 14, 28 and 33 days were determined by Duncan's multiple range test (Steel and Torrie, 1960) .
Results and Discussion
Sheep Experiment. By 28 days (0 days withdrawal lime), arsenic levels in liver and kidney tissue had increased in sheep fed higher levels of arsenic (table 1) . Arsenic in the liver and arsenic in the kidney appeared to accumulate at comparable rates, but arsenic from arsanilic acid appeared to accumulate in liver and kidney more readily than did arsenic from 3-nitro.
Arsenic concentrations in liver and kidney at 2, 4 and 6 days after withdrawal are presented in table 1. Mean arsenic values for the withdrawal periods are presented graphically in figure 1. After 6 days, liver arsenic was about 85% depleted in sheep fed arsanilic acid and by about 81% depleted in sheep fed 3-nitro.
Kidney tissue was 87% depleted in sheep fed arsanilic acid and 83% depleted in sheep fed 3-nitro.
The depletion of arsenic from these tissues can be described by a general first order equalion:
where C is the concentration at any time, C O is the initial concentration (0 withdrawal time), k is a rate constant and t is time in days. As described by Reseigno and Segre (1966) , this is a general equation for concentration of an element in the effluent of a one-compartment system. Natural logs of the initial concentration (Co) and rate constants (k) are presented in table 2.
No significant differences were found among rate constants (k) for arsenic depletion in liver or kidney of sheep fed.either arsanilic acid or 3-nitro. The k value presented in table 2 is the slope, or "b" value, in a linear regression equation; and because no significant differences were found among k values, the slopes shown in figure 1 are parallel, and rates of depletion of both arsanilic acid and 3-nitro in liver and kidney are essentially the same. As table 2 and figure 1 show, initial concentrations (Co) differed between sources of arsenic within each tissue but not between tissues. At essentially the same level of arsenic intake, significantly more arsenic was detected in liver and kidney of sheep fed arsanilic acid than in the same tissues of sheep fed 3-nitro. Regardless of source or tissue, clearance rate of arsenic was the same, but time required to reach pre-experiment levels in tissues depended on initial level in the tissue; that is, with a higher initial level of arsenic, a longer time was required for arsenic to return to background levels.
Arsenic concentrations in muscle and blood from the sheep are presented in table 3. Muscle tissue had a slightly higher concentration of arsenic at the highest level of dietary arsanilic acid, but little, if any, change was observed in muscle arsenic concentrations in sheep fed 3-nitro. Blood arsenic, on the other hand, increased as dietary arsenic from either source increased and returned to pre-experiment levels when arsenic was withdrawn from the diet. These data for muscle and blood were analyzed in the same manner as data for liver and kidney; however, no statistical differences for either source of arsenic were found between rates of depletion from these tissues and those from liver and kidney. Initial concentration of arsenic (C O ) in muscle tissue was significantly lower than arsenic concentrations in liver and kidney for both sources of arsenic. The Co values for whole blood from sheep fed arsanilic acid and those fed 3-nitro were not statistically different.
A review of the literature revealed only two reports on the feeding of arsenic-containing compounds to sheep. Brugman et al. (1968) found no increase in arsenic in l.eart, spleen, 12th rib, kidney, kidney fat, liver or brain tissue of lambs fed broiler litter with added 3-nitro. The level of arsenic in the broiler litter, the amount of 3-nitro added, duration of feeding and withdrawal period, if any, were not specified. Smith and Calvert (1976) reported that sheep fed broiler litter containing 42 ppm arsenic from 3-nitro fed the broilers excreted 87% of ingested arsenic in feces and urine during a 5-day digestion trial. However, arsenic content of tissues in these sheep was not determined.
In other ruminant species, Peoples (1964) reported that after 8 weeks, dairy cattle fed .66 mg arsenic/kg of body weight from an inorganic arsenic source, arsenic acid, had increased levels of arsenic in liver, kidney and spleen. Arsenic levels returned to near background levels after a 15-day withdrawal, and no arsenic was detected in urine or feces 4 days after arsenic withdrawal. In studies involving arsenic from an organic source, EI-Sabban et al. (1969) and Webb and Fontenot (1975) fed steers poultry excreta from chickens given organic arsenicals, but they did not report the exact source or level of the arsenic that the chickens received. In the study by E1-Sabban et al. (1969) , excreta from caged laying hens was fed to steers, and there was a significant increase in liver arsenic compared to that of steers fed no hen excreta. Neither level of arsenic in excreta nor length of withdrawal period was specified. Webb and Fontenot (1975) fed steers broiler litter containing 38 ppm arsenic in two experiments that were 198 and 121 days in duration. Litter was removed from the steer diet 5 days before slaughter, and there was a slight but nonsignificant increase in liver arsenic. The source of arsenic was not specified.
Higher arsenic concentrations in liver and kidney tissues of sheep fed arsanilic acid than in the same tissues of sheep fed 3-nitro also appears to be a phenomenon unique to ruminants. In the nonruminant, more arsenic from 3-nitro than from arsanilic acid is absorbed and deposited in tissue (Frost and Spruth, 1956 ). Frost and Spruth fed diets containing 455 ppm arsanilic acid and 187 ppm 3-nitro to chickens and found 6.4 ppm arsenic in the livers of the chickens fed arsanilic acid and 7.5 ppm in the livers of those fed 3-nitro. Data were not analyzed for statistical significance, but at least as much arsenic was found in the livers of chickens fed 3-nitro as in those of chickens fed arsanilic acid even though the level of arsenic from arsanilic acid in the feed was 2.4 times that of 3-nitro. There is no evidence in the current study to explain the difference in absorption and tissue deposition between arsanilic acid and 3-nitro in sheep, or the possible difference between ruminant and nonruminant animals.
Dairy Cow Experiments
Exp. 1. Results of dairy cow Exp. 1 are presented in table 4. The only significant difference observed was an increase in the level of arsenic in milk from cows fed 3.2 mg of arsenic from arsanilic acid/kg of body weight for 5 days. Arsenic in milk from cows fed the lower level of arsanilic acid or either level of 3-nitro did not increase. Seven days after arsenic feeding was stopped, milk arsenic level in cows fed 3.2 mg of arsenic from arsanilic acid per kilogram of body weight returned to the level observed at the beginning of the trial.
Exp. 2.
Because the concentration of arsenic in milk did not increase when 3-nitro was fed at levels contributing up to 3.2 mg of arsenic/kg body weight, we initiated Exp. 2, in which 10 cows were given 3-nitro daily for 28 days, by capsule, to provide 4.8 mg of arsenic/kg body weight. Milk arsenic levels after 0, 14 and 28 days feeding and at the end of the 5-day withdrawal period are presented in table 5. Milk arsenic was significantly increased after 14 and 28 days of arsenic feeding, and the level of milk arsenic returned to pretreatment levels within 5 days after arsenic was withdrawn from the diets. The levels of arsenic in milk at 14 and 28 days were comparable to those in milk from cows fed 3.2 mg of arsenic from arsanilic acid per kilogram body weight.
The results of trial 2 are depicted graphically in figure 2. This experiment was divided into three periods (0 to 14, 14 to 28 and 28 to 33 days), and regression equations were derived for each period. Slopes of the three equations differ (P<.01) from each other, and the slope for the second period (14 to 28 days), which is not significantly different from zero, indicates a steady state for arsenic.
As table 5 and figure 2 show, milk arsenic gradually increased up to 14 days, but there was no further increase through 28 days feeding. As in trial 1, there was a rapid disappearance of arsenic from milk after arsenic was withdrawn from the diet. Results of this experiment also suggest that there is a threshold level of arsenic in milk and that levels in milk plateau within a short period of time. Reports by Frost and Spruth (1956) and Baron (1969) showed a similar uptake and plateauing effect within a short period of time in tissue of chickens fed either arsanilic acid or 3-nitro. There have been no comparable studies conducted with other species of livestock or poultry.
Results of these experiments contrast with those reported by Peoples (1964) , who was unable to increase milk arsenic levels in cows by feeding up to .66 mg of arsenic from arsenic acid/kg of body weight for 8 weeks. He theorized that there is a mammary barrier to arsenic; in view of our results, however, the level of arsenic in milk probably is dependent on level of arsenic fed and its source. Our results suggest that amount fed is more important than source, but the possibility of different milk uptakes from different sources should not be disregarded.
Levels of arsenic from the two arsenical sources used in both the sheep and dairy cow trials were higher than would probably be encountered under practical conditions. On the basis of literature values for arsenic in excreta (.2 to 76.3 ppm, as indicated earlier in this report), intakes of arsenic would probably be lower than those established in these studies. Under most practical conditions, the feeding of poultry excreta would not exceed 25% of dry matter, which would limit arsenic concentrations to less than 25 ppm for either sheep or dairy cattle. On the basis of this report, under practical conditions, some arsenic uptake in sheep might be encountered in sheep fed excreta containing the higher reported levels of arsenic. However, arsenic in tissues appears to be excreted rapidly after withdrawal of arsenic residues from the diet. Under practical conditions, it is unlikely that milk arsenic levels would be affected by the feeding of excreta containing even the highest reported levels of arsenic to lactating dairy cows.
